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Introduction

Motivation

ÅResearch of hydrodynamic forces on non-spherical particles is 
of upmost importance

ÅMost particles are non-spherical in nature

Åknowledge of forces is critical for determining particle 
trajectories

ÅApplications widely range from biological systems to industrial 
processes 

ÅExamples are separation process, coal combustion, and 
dispersion of pollutants
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Introduction

Technical background

ÅNewtonôs 2nd Law of Motion for a particle:

īά
╥
В╕

ÅParticle drag determines the movement of particles in particulate 
flows

ÅKey to the modeling and understanding of all phenomena associated 
with the momentum, heat and mass transfer to the surroundings in all 
particulate processes (e.g., the process in a fluidized bed reactor)
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Introduction

Technical background (continued)

ÅThe studies on the non-spherical particle drag in the literature are 
very limited

ÅMost simulation packages currently use the drag models of spherical 
particles
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Introduction

Non-spherical particles being studied

ÅEllipsoid, cone, spherocylinder, cube, etc.

An example: Spherocylinder 

ÅA very common shape, very few studies in literature

Uniform flow over a Spherocylinder

ÅThree Dimensionless Parameters - Inputs

īReynolds Number: ὙὩ

īAspect ratio: ‍

īIncident angle: —

ÅThree Coefficients - Outputs

īDrag coefficient: ὅ

īLift coefficient: ὅ

īTorque coefficient: ὅ



Introduction

Numerical Simulations

ÅDirect Numerical Simulation (DNS) Method

Re Grid Resolution(ὈȾὬ) Domain Size(ὒȾὈ)

0.ρ ὙὩ υ 10 ρψρψρψ

υ ὙὩ ςππ 20 ω ω ςπ

ςππὙὩ 30 ψ ψ ςτ

Affect of the domain size to the drag
Selection of grid resolution and grid size in the 

simulations

April 28, 2023 |    8



Introduction

Validations

Drag Coefficient of a Sphere

Re=10 ╒╓ ╒╛ ╒╣

Zastawny et al. 5.00 0.85 1.2

Ouchene 6.60 1.20 1.50

Present 6.92 1.23 1.57

Spherocylinder at ♫ and Ᵽ ⱫȾ

Re=300 ╒╓ ╒╛ ╒╣

Zastawny et al. 1.25 0.56 0.6

Ouchene 1.49 0.56 0.84

Present 1.40 0.53 0.82
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Introduction

General Coefficient of Drag Coefficient 

ÅA general correlation for the drag coefficient was developed

ïAspect Ratio: ρ ‍ φ, 

ïOrientation Angle:π — ωπ

ïReynolds Number: πȢρ ὙὩ σππ

ïNot able to determine accurate correlations for lift and torque 

coefficients

Drag coefficient of a spherocylinder 
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Results of General Drag Correlation* 

Comparisons of Correlations

(Drag coefficient at Ᵽ ▫and for ♫ )

Drag coefficients for a spherocylinder in 

terms of (—, ‍, Re)

*Feng et al., ñA General and Accurate Correlation for the Drag on Spherocylindersò,to be submitted to IJMF, 2023.



Introduction

Limitations of Correlation Methods

ÅMainly limited to two variables, very difficult to extend to three 
variables

ÅVery difficult to accurately correlate complex non-linear relationship 

ÅVery sensitive to outliers, leading to skewed inaccurate results

ÅOverfitting issue, may not perform well when applied to new data

ÅCannot account for all variables
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Introduction

Problem Statement

ÅThe process of determining accurate coefficient of drag, lift, and torque estimates for non-spherical 
particles is often time-consuming requiring specialized skill-sets and expensive software

Objective Statement

ÅTo develop an efficient Multi-Layered Neural Network (MLNN) that accurately predicts the coefficient 
of drag, lift, and torque for Spherocylinder particles within Reynolds Numbers ranging from 0.1 ï300,  
Aspect Ratios from 1 ï6, and Incident Angles ranging from 0Áï90Á

ÅSpecifically, to produce a regression neural network model, that may be loaded into Python, and 
enable users to input various Reynolds Numbers, Aspect Ratios, and Incident Angles within the 
constraints
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Neural Networks

Growth in Artificial Intelligence

ÅArtificial Intelligence (AI) is a branch of computer science that 
focuses on simulation of intelligent behavior within computers

ÅThe field of has experienced a tremendous surge in growth

īCaused by an increase in computational power and increased 
data availability

īGlobal AI market size is expected to reach $309.6 billion by 
2026 with a CAGR of 39.7% from 2021 to 2026

ÅThe amount of data created worldwide is projected to increase 
from 64.2 zettabytes in 2020 to 181 zettabytes in 2025
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Neural Networks

Deep Learning Architecture

ÅDeep Learning and Machine Learning are subfields of AI

ÅStructure of a simple neural network:

īInput layer

īIntermediate layers (hidden)

īOutput layer 

ÅNeural networks serve either classification or regression 
applications
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Neural Networks

Artificial Neural Networks

ÅNeural networks digitally resemble neural activity of the 
human brain via activation functions

ÅGoal is to develop a multi-layered network that can be 
trained and tested to recognize unique patterns

ÅExamples of common neural networks applications

īConvolutional Neural Networks (CNN) for facial 
recognition

īMulti-Layered Neural Networks (MLNN) for estimating 
real estate property appraisals via non-linear 
regression

īLong-Short Term Memory (LSTM) for future stock 
price prediction
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Methodology

Approach

ÅCollect data from team members via DNS study

ÅLeverage statistical tools for analyzing dataset

ÅDetermine if data preprocessing is necessary

ÅSplit the data into training, testing, and validation sets

ÅTrain the proposed neural network

ÅValidate the proposed neural network
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Methodology

Collect Data

ÅThe team provided +1200 data points generated via 
Direct Numerical Simulations (DNS)

īThe simulation was setup with a spherocylinder 
particle within a continuous flow

ÅInput features (discretized)

īAspect Ratio, ♫: [1.0 ï6.0]

īReynolds Number, ╡Ὡ: [0.1 ï300]

īAngle of Incident,Ᵽ: [0Áï90Á]

ÅOutput features

īCoefficient of drag, lift, and torque

April 28, 2023 |    18


